Abstract: Fluorosis is one of the factors which bring about mineralisation changes in a dentinal structure leading to dentin. The purpose of the present study was to compare and evaluate the dentinal tubular changes in fluorosed and nonfluorosed teeth subsequent to the application of citric acid,strontium acetate based sodium fluoride (SAF) using scanning electron microscopy (SEM). Dentin specimens from healthy fluorosed and nonfluorosed teeth were included in the study. Each of them was grouped into acid treated and SAF treatment groups. Using SEM, the photomicrographs (3500x) of dentin specimens were evaluated. Results showed while there was a significant difference in tubular width of partial occlusion 25%, being more in fluorosed group compared to nonfluorosed group after application SAF. Application of desensitising agents demonstrated higher number of dentinal tubular occlusion and diameter reduction in nonfluorosed dentin compared to fluorosed dentin. Summary: Root biomodification and desensitising agent procedure brings in definite difference between fluorosed and non-fluorosed dentin specimens.
INTRODUCTION
For the causation of dentin hypersensitivity, dentinal tubular number, patency and diameter play important roles. Microscopic examination reveals that patent dentinal tubules more numerous and wider in hypersensitive dentine than in non-sensitive dentine [1] . These findings explain why some patients with cervical dentin exhibits dentin hypersensitivity and others donot. It has been reported that dentin hypersensitivity might be reduced physiologically by formation of intratubular crystals from the dentinal fluids and salivary minerals [2] or by the application of therapeutic chemical agents to occlude the dentinal tubules. Most of the compounds used in the treatment of dentinal hypersensitivity are thought to achieve therapeutic benefit by tubule occlusion [3] .
The dentinal tubular occlusion can act both directly by blocking the tubules which reduces the fluid flow and indirectly on nerves by sealing off the tubules from the pain provoking stimuli. The most important variable affecting the fluid flow in dentin is the radius of the tubuli. Hence, measurement of tubule diameter gains importance for the assessment of effectiveness of desensitising agent. The difference in tubule diameter may be more important since fluid flow is proportional to radius by four times that is doubling the tubule diameter results in 16 fold increase in fluid flow thereby increasing hypersensitivity [4] .
Dental fluorosis is a common complaint of subjects from Davangere district of Karnataka, India, which has naturally occurring high water fluoride levels. The dental fluorosis induced enamel hypomineralisation is well discussed [5] .
*Address correspondence to this author at the Department of Periodontics, College of Dental Sciences Davangere, Karnataka, India; Tel: +91-8192-30432 / 31285; E-mail: vanrajs@gmail.com Recently the dental fluorosis induced dentin changes have been reported. It has been observed that when the fluoride concentration in drinking water is 0.15-2.5ppm, the mean plasma fluoride level has been seen to be 0.14-0.19ppm [6] . In a related study, a positive correlation between dentin fluoride concentration and dentin tubule size was shown, demonstrating wider dentinal tubules in teeth with higher level of fluoride concentration in dentin. It was also shown that high fluoride concentration of the tooth decreased the mineralisation rate in the tooth structure [7] . Fluoride concentration influenced crystal size [8] and also increased mineralisation time between matrix deposition and its mineralization [7] . Another possible hypothesis is that fluoride would influence crystal growth forming an impaired dental structure with wider dentinal tubules [8] .
It has been reported that hypomineralised teeth have extreme sensitivity to cold and sweet stimuli and tooth brushing [9] . In support of these wider dentinal tubules and hypomineralisation, recently a Chinese study reported higher frequency (9.26%) of tooth sensitivity compared to nonfluorosed subjects (4.65%) [10] . Considering the wider dentinal tubules [8] , hypo mineralisation effects there is a probability that dental fluorosed subjects would be more susceptible to dentine hypersensitivity. There is increased prevalence of dental fluorosis in and around Davngere district, Karnataka which led to the present study.
Various desensitising agents are available in the market which yielded promising results, but their therapeutic effects were relatively short-lived or decreased with time because these agents could be gradually removed by daily tooth brushing or acidic beverage drinking. In this study newly introduced strontium acetate fluoride has been used.
Medline search using keywords dentine hypersensitivity, desensitising agents, strontium acetate, fluorosed and non fluorosed teeth, scanning electron microscopy did not reveal any studies. There are no published papers addressing the treatment of dentine hypersensitivity in patient with fluorosis.
Currently, an initial attempt has been made in this scanning electron microscopic study to evaluate and compare the dentinal changes in healthy fluorosed and non fluorosed teeth after the application of Strontium acetate fluoride (SAF).
MATERIALS AND METHODOLOGY
A total of 6 fluorosed healthy and 6 non fluorosed healthy teeth were included in this study with age range of 20-40 years as peak incidence of dentin hypersensitivity is seen at this age. The freshly extracted teeth were obtained from the department of Oral and Maxillofacial Surgery, College of Dental Sciences, Davangere, Karnataka, India, and were used according to a protocol set forth by the research Ethics committee of Rajiv Gandhi University of Health Sciences, Karnataka, India.
The extracted teeth were required to meet the following inclusion criteria: fully erupted, extracted non-traumatically due to orthodontic reasons, no history of recent periodontal instrumentation or dental prophylaxis, for fluorosed teeth; the fluorotic enamel stains was confirmed by the clinical examination and history of the subjects hailing from natural high water fluoride areas in and around Davangere (fluoride concentration >1.5 ppm). The exclusion criteria were: teeth with proximal caries extending to the cementum, fillings extending beyond cementoenamel junction (CEJ), and intrinsic stains caused by other reasons such as porphyria, erythroblastosis fetalis, tetracycline therapy, etc.
The extracted teeth were immediately washed in running tap water and stored in bottles containing 0.9% saline.
Sectioning and Preparation of Dentin Specimens
To prepare the discs, the enamel and cementum were removed with a high speed hand piece which was water cooled and sectioned with diamond saw.
Dentin discs of 2mm thickness were prepared parallel to the CEJ with a low speed water cooled diamond saw and contra angled hand piece 1 mm and 2 mm below the CEJ using double sided diamond disk operated in a water cooled air motor.
Treatment
In this study 6 % citric acid for a period of two minutes was applied for test group 1. Test group 2 was treated with strontium acetate fluoride desensitising agent. Dentin specimens were brushed with electric toothbrush for 2minutes twice per day for 7 days, after which the dentin specimens were stored in artificial saliva for a period of 1 week [11] .
Preparation for SEM
The specimens were placed in 2.5% Glutaraldehyde in 0.1 M Phosphate buffer (pH 7.4), for a minimum of 24 hours. Following washing and dehydration through a graded alcohol series (25% to 100%), they were mounted on SEM stubs. Mounted specimens were air-dried for 48 hours and sputter coated with 30 to 40nm of gold. Finally, specimens were examined by using a scanning electron microscope (JEOL-JSM-840A, operating at an accelerating voltage of 20kV). Representative photomicrographs were obtained at 3500x for dentine surfaces. SEM photomicrographs were assessed for following findings: (1) smear layer, (2) peritubular dentin, (3) number and diameter of tubules of different degrees of tubular occlusion.
Morphological parameters were given dichotomous scoring of present or absent. In the numerical data, counting of tubules was done manually using ADOBE PHOTOSHOP CS3 software.
The procedural steps used to count the completely occluded/partially occluded (CO/PO) dentinal tubular occlusion and the diameter measurements of the dentinal tubules were:
1) Nine square grids were used in each photomicrograph, so that the tubules could be measured in each grid.
2) Tubules present on the grid lines were included only in one of the grids to avoid repetition.
3) To overcome the difficulty to measure the tubular diameter in obliquely cut dentinal tubules, smallest area or diameter across the tubular orifice was taken to minimise the error caused by tubules cut obliquely [12] .
4) The occlusion of tubules was considered as presence of a film which appeared as fibrous/amorphous over the dentinal tubular orifice.
In the current study a modified simple three point SEM categorical scale (0-3) was designed to analyse the degree of dentinal tubular occlusion after application of desensitising agents in SEM photomicrograph.
It was based on extent of dentinal tubule orifice closure Type 0-Open dentinal tubules without occlusion i.e. acid treated specimens without desensitising agent application.
Type 1-Partial dentinal tubule occlusion 25% of dentinal tubule orifice (Fig. 1) .
Type 2-Partial dentinal tubule occlusion of > 25 % up to 75% of dentinal tubule orifice (Fig. 2) .
Type 3-Nearly complete dentinal tubule occlusion of >75% of dentinal tubule orifice (Fig. 3) .
Diameter of dentinal tubules was measured using IM-AGE J image analysis software (NIH Image, version 1.44, National Institutes of Health USA.
STATISTICAL ANALYSIS
Using the arbitrary numeric scale, a mean score and standard deviation were calculated for all specimens, at magnification of 3500X. Non parametric test was used for intragroup and intergroup comparison (student unpaired t test). A p-value of 0.05 or less was considered for statistical significance. Fig. (1) . Corresponds to Partial dentinal tubule occlusion of 25% of the dentinal tubular orifice Fig. (2) . Corresponds to 'Partial dentinal tubule occlusion of >25% up to 75% of the dentinal tubular orifice. Fig. (3) . Corresponds to Partial dentinal tubule occlusion of >75% of the dentinal tubular orifice.
RESULTS
A total of 46 periodontally healthy dentin specimens from both fluorosed (n=23) and nonfluorosed (n=23) teeth were included in this in-vitro study to evaluate the effect of acid etched dentin specimens treated with SAF (strontium acetate fluoride desensitising agent.) The results of the study are interpreted in Graphs 1and 2.
The number of completely occluded (Type 3) and partially occluded> 25% (Type 2) dentinal tubules was significantly higher in nonfluorosed as compared to the fluorosed group (Graph 1).
The fluorosed dentin demonstrated significantly wider (0.64μm and 0.64μm) dentinal tubular diameter than the nonfluorosed dentin (0.32μm and 0.62μm) of partially occluded 25 % and >25%upto 75% (Type 1 and Type 2) respectively (Graph 2).
DISCUSSION
A large number of treatment options are available for managing dentinal hypersensitivity but there is currently no "gold standard" treatment option for dentin hypersensitivity.
The desensitising agents used in this is strontium acetate based sodium fluoride (Sendoyne, Sarvotham Care Limited, Baddi, Himachal Pradesh, India) have been used. The higher occurrence of dentin hypersensitivity in fluorosed teeth [10] , wider dentinal tubule and impaired dentinal tubular structure in healthy fluorosed dentin [7] provided the basis for this study. The objective of the study was to compare the in vitro efficacy of the desensitising agents on dentin discs of healthy fluorosed and nonfluorosed dentin which were acid etched to simulate hypersensitive dentin that is characterised by wider dentinal tubular orifice.
Ideally the number of completely occluded tubules should be higher than the partially occluded tubules. However, the graded dentinal tubular occlusion in terms of complete occlusion of >75%, partial occlusion of > 25-75 % and 25 % evaluates the efficacy of the desensitising agent objectively using dependable and reproducible computer methods, hence providing an ideal measure of desensitising effect of comparable agents. As per author's literature search, this study is the first of its kind to introduce it.
The results of this study are discussed as follows
The number of completely occluded (Type 3) and partially occluded> 25% (Type 2) dentinal tubules was significantly higher in nonfluorosed as compared to the fluorosed group. No literature exists to compare the efficacy of strontium acetate fluoride in fluorosed and nonfluorosed group (Graph 1).
Dentinal tubular diameter affects the fluid flow and the measurement of the same is the proper evidence of desensitising agent effectiveness clinically.
The clinical implication of dentinal tubular occlusion measure may be considered as a direct measure of efficacy of the desensitising agent in dentinal tubular occlusion. Various degrees of dentinal tubular occlusion diameter could provide a guideline for the manufacture of desensitising agent either trying to adjust its concentration, frequency and number of clinical applications so as to enhance the number and higher degree of dentinal tubular occlusion which is known to decrease the sign and symptom of dentinal hypersensitivity.The dentinal tubular diameter measurement has been attempted for the first time in the literature as per the medline search. The diameters of tubules with partially dentinal tubular occlusion of Type 2(>25%) and Type 1( 25%) were measured using ImageJ software. The significantly higher tubular diameter in fluorosed (1.62±0.32μm) and nonfluorosed(1.33±0.49μm) dentin specimens could be attributed to the higher levels of fluoride in fluorotic dentin. Fluoride concentration has been shown to influence crystal size, and same evidence indicates that fluoride has an effect on cell function, either directly through interactions with the developing ameloblasts and/or odontoblasts or more indirectly by interacting with extracellular matrix. This action would then explain the positive relationship between dentin tubule size and fluorosed tooth, where hypomineralizaton caused by fluoride concentration, would create wider dentinal tubules. Another hypothesis is that fluoride would influence crystal growth, forming an impaired dental structure [8] with wider dentinal tubules.
Sample size distribution was different with various studies ranging from sample size 2 to 20 [13] [14] [15] as compared to present study sample size of 46. Perhaps one of the major problems in testing for hypersensitivity is that the condition shows no physical signs. Therefore it is not surprising that considerable interest has been shown towards in vitro evaluation of both the condition of hypersensitivity and the treatments involved in its management. Surprisingly, there is minimum literature available to compare the results of present study. The use of both control and test dentin specimens from same tooth has provided minimum bias conducting this study.
However, the percentage difference amongst the number of dentinal tubule occlusion and their diameter reduction provided the important information on efficacy of SAF, i.e statistical significance is not equal to in vitro efficacy/ clinical importance. It only tells us that the observed differences in the outcome are unlikely to be due to "chance alone." This may be a useful first step in evaluating the importance of the observed differences, but it is important to examine the in vitro results of the observed differences from clinical view. It should clearly be understood that a difference which is statistically significant may or may not be clinically relevant and a difference which is statistically non-significant, does not necessarily imply a clinically unimportant finding [16] .
SAF has shown higher values for number of dentinal tubular occlusion and dentinal tubular diameter reduction in nonfluorosed group, suggestive of better dentinal tubule occluding effect and the translation of this data clinically suggests a better desensitising agent in nonfluorosed group than fluorosed group. Owing to wider dentinal tubules in fluorosed group and the results of present study is suggestive of lesser effectiveness of SAF in fluorosed group, it appears that there is a need to evaluate the different concentrations of arginine (ARG), duration and frequency of its application to treat hypersensitivity in fluorosis dentin, using SEM followed by clinical evaluation.
Future Studies
Since fluorosis has global occurrence, studies have to be conducted from those areas of endemic fluorosis and manufacture of desensitising agents suitable to fluorosed dentin is recommended. The depth of penetration of desensitising agent is required to be studied. Also changing the concentration of the desensitising agents could help to improve the treatment effect for dentin hypersensitivity in fluorosed group keeping in mind the hypo mineralised fluorosed dentin. Further studies need to be conducted to assess the required concentration, duration and frequency of the desensitising agent application for hypersensitive fluorosis teeth.
CONCLUSION
Since the dentin tubule diameter differs between fluorosed and non fluorosed teeth(), the application of desensitising agents demonstrates different degrees of dentinal tubular occlusion as interpreted by SEM evaluation. The clinical transfer of the study is to primarily make aware.
The basic structural difference known globally so that the treatment of fluorosed dentin would require alteration in desensitising formulation so that its application will lead to effective dentinal tubular occlusion. The effective concentration of desensitising agent requires to be determined in further studies.
